Introduction
Autoantibodies often characterize patients with distinct clinical features and often have prognostic relevance in different connective tissue diseases. Anti-PM/Scl antibodies, first described in patients with an overlap syndrome of polymyositis (PM) and scleroderma (systemic sclerosis [SSc] ), seem to be rare antibodies, especially when SSc patients were studied [1] . In what is currently the largest study on the prevalence of anti-PM/Scl antibodies using the Pittsburgh Scleroderma Databank, only 2.5% of the SSc patients exhibited anti-PM/ Scl antibodies [2] . The low number of anti-PM/Scl-positive patients did not allow conclusive analyses concerning associated clinical features, and the SSc patients were not classified according to their disease subsets. However, the descriptions of anti-PM/Scl-positive patients point to a higher prevalence of patients with muscular involvement, supporting other investigations using smaller populations or patients with myositis [1, [3] [4] [5] [6] . An association between the presence of anti-PM/Scl antibodies and Raynaud phenomenon (RP), arthritis, and interstitial lung disease was suggested as well [5] .
Anti-PM/Scl antibodies are a heterogeneous group of autoantibodies directed to several proteins of the nucleolar PM/Scl macromolecular complex. The two main autoantigenic protein components were identified and termed PM/Scl-75 and PM/ Scl-100 based on their apparent molecular weights [7, 8] . According to former studies indicating PM/Scl-100 as the main target of the autoimmune response to PM/Scl, the majority of commercially available assays use recombinant PM/Scl-100 protein [3] . However, recent studies also suggest the diagnostic importance of anti-PM/Scl-75 antibodies, especially when the major isoform PM/Scl-75c is used as an antigen source [9, 10] . The percentage of patients presenting anti-PM/Scl-75c antibodies is supposed to exceed that for anti-PM/Scl-100 antibodies [9] . However, analyses of larger SSc cohorts to identify the prevalence and specificity of these antibodies are missing. Furthermore, it remains elusive whether the different antibodies reflect different SSc subsets and clinical features present in these patients.
Based on the growing knowledge about the anti-PM/Scl antibody targets, very sensitive methods such as an enzyme-linked immunosorbent assay (ELISA), which is based on a PM/Scl-100-derived peptide called PM1-alpha, have been developed [11] . In recent years, line immunoblot assay (LIA) has become a popular technique for the simultaneous detection of several autoantibodies. As recently shown and exemplified for the determination of anti-topoisomerase I (anti-topo I) antibodies, LIA provides a valuable tool as an alternative to ELISA [12] .
In the present study, a large monocentric cohort of consecutive SSc patients was analyzed by LIA, allowing the simultaneous monospecific detection of both anti-PM/Scl-75 and anti-PM/Scl-100 antibodies. Clinical data were assessed simultaneously by a standardized procedure with only a limited number of investigators. For patient assessment, we applied criteria and strategies developed by the German Network of Systemic Scleroderma (DNSS) and the European Scleroderma Trials and Research (EUSTAR) network [13] [14] [15] . By this approach, we identified several clinical features associated with the presence of either anti-PM/Scl antibody.
Materials and methods

Classification of patients
Sera from 280 consecutive SSc patients were analyzed for the presence of anti-PM/Scl antibodies. Patients were divided into different subsets according to the criteria of the EUSTAR and DNSS network [13, 14] . Briefly, diffuse SSc (dSSc) and limited SSc (lSSc) were defined according to LeRoy and colleagues [16] and the DNSS and EUSTAR criteria based on the maximal distribution of skin involvement during the disease course. Overlap syndromes, including mixed connective tissue disease, were defined as a disease occurring with clinical aspects of SSc or main symptoms of SSc in parallel to those of other connective tissue diseases [17] . SSc sine scleroderma (SScSS) was defined as described by Rodnan and Fennel [18] . Undifferentiated connective tissue disease (UCTD) with scleroderma features was defined as positive RP and at least one further feature of SSc (for example, typical nail fold capillary alterations, puffy fingers, or pulmonary hypertension) and/or detectable scleroderma-associated autoantibodies without fulfilment of American College of Rheumatology criteria [19] . By using (or applying) the criteria of LeRoy and colleagues [16] , these patients can also be classified as having limited disease. According to these criteria, our study included 113 patients with lSSc, 96 patients with dSSc, 51 patients with an overlap syndrome, 16 patients with UCTD, and 4 patients with SScSS. The clinical and epidemiological data of this cohort are presented in Table 1 . As demonstrated before, our cohort is representative of European SSc cohorts showing similar clinical features [12] . In addition, 259 control sera from patients with Sjögren syndrome (SS) (n = 49), systemic lupus erythematosus (SLE) (n = 72), and rheumatoid arthritis (RA) (n = 88) and from healthy blood donors (n = 50) were analyzed. All control patients were diagnosed according to internationally recognized criteria [20] [21] [22] .
Assessment of the systemic sclerosis patients
Between January 2004 and May 2007, sera of 280 SSc patients were collected during the clinical assessment of the patients, stored at -20°C, and analyzed for the presence of SSc-associated antibodies. Most patients were assessed by one investigator (GR), who instructed the only other investigator (CSB). Both investigators participated in several training programs of EUSTAR and DNSS for the assessment of patients. In general, 26 clinical and laboratory findings were assessed and analyzed as described [12] [13] [14] . Briefly, for the evaluation of fibrotic skin changes and for the classification of the SSc subsets, the modified Rodnan skin score (mRSS) was used [23] . Pulmonary arterial hypertension (PAH) was defined when assessed by a right heart catheter with mean pulmonary arterial pressures of 25 mm Hg at rest and 30 mm Hg while exercising or by the presence of a pulmonary arterial systolic pressure of greater than or equal to 40 mm Hg and signs of right heart failure as detected by echocardiography. Pulmonary fibrosis was defined by evidence of fibrosis such as bibasilar fibrosis on chest radiogram and/or by high-resolution computed tomography scans. Lung function was assessed by the predicted forced vital capacity (FVC) and the predicted diffusion capacity of a single breath (DLCO-SB) method. Digital ulcers were defined as a loss of both epidermis and dermis in an area of at least 2 mm in diameter at the distal phalanx of fingers. Elevation of serum creatine kinase (CK) levels was considered when they increased above normal values. Disease activity was assessed by using the criteria of the European Scleroderma Study Group [24] . The study was approved by the local ethics committee (EA1/013/705). Written informed consent was obtained from each patient.
Antibody detection by line immunoblot assay
For the detection of the different anti-PM/Scl antibodies, a profile LIA was developed and provided by EUROIMMUN AG (Lübeck, Germany). Briefly, recombinant PM/Scl-100 antigen was expressed by Escherichia coli or by baculovirus, spanning the major alpha helical epitope region between 231 and 245 (as described elsewhere [25] ). PM/Scl-75c was expressed by baculovirus [10] . After affinity purification, the antigens were separately coated as lines onto nitrocellulose membrane chips that were fixed onto a plastic strip, creating a line immunoassay format based on the main target antigens of anti-PM/ Scl antibodies. The LIA was additionally coated with antigens allowing anti-topo I, anti-U1-RNP, and anti-centromere protein-A/B (anti-CENP-A/B) antibody detection. To ensure diagnostic reliability and precision, the LIA was subjected to an extensive validation process. Sera from 280 SSc patients as well 259 controls were incubated according to the instructions of the manufacturer (EUROIMMUN AG) (30-minute serum incubation, washing step 1, 30-minute incubation with anti-human IgG/alkaline phosphatase, washing step 2, and 10-minute substrate incubation with NBT/BCIP [nitroblue tetrazolium/5-bromo-4-chloro-3-indolyl-phosphate]). Blot strips were digitalized using a flatbed scanner, and band intensities were evaluated by a computer program (EUROLineScan, EUROIMMUN AG). Signal strengths of greater than 6 units (U) were considered positive, as recommended by the manufacturer. All sero- 
Results
Prevalences of anti-PM/Scl-75 and anti-PM/Scl-100 in systemic sclerosis patients depend on disease subset and antigen expression system Anti-PM/Scl-75 antibodies were present in 29 SSc patients (10.4%). Antibody reactivity against the PM/Scl-100 antigen expressed by E. coli was detected in 20 SSc patients (7.1%). All together, 35 out of 280 patients tested positive for anti-PM/ Scl antibodies (12.5%) (Figure 1a ). When the PM/Scl-100 antigen expressed by baculovirus was used, only 11 patients (3.9%) showed reactivity. The highest prevalences of anti-PM/ Scl antibodies were found in dSSc patients (19.8%) and in patients suffering from overlap syndrome (17.6%) ( Figure  1b,d ). In contrast, anti-PM/Scl antibodies were rarely found in patients with lSSc (3.5%) (Figure 1c ). In our control group with autoimmune diseases other than SSc (n = 259), there were eight anti-PM/Scl-positive sera with non-overlapping reactivities: On the one hand, reactivity to PM/Scl-100 (E. coli) was found in 1 out of 49 patients with SS (2%) and in 3 out of 72 patients with SLE (4.2%). On the other hand, anti-PM/Scl-75 antibodies were present in 1 patient with SLE (1.4%) and in 3 out of 88 patients (3.4%) with RA. None of the healthy blood donors exhibited either of these antibodies. Therefore, anti-PM/Scl antibody detection revealed an overall specificity for SSc of 96.9%. The specificities of anti-PM/Scl-75 and anti-PM/Scl-100 antibodies amounted to 98.5% each. The detection of antibodies directed to the PM/Scl-100 antigen expressed by baculovirus showed 100% specificity for SSc patients.
Concordance of anti-PM/Scl-75, anti-PM/Scl-100, antitopo I, and anti-CENP-B antibodies
For further analyses, we included only the results from LIA using PM/Scl-100 antigen expressed by E. coli and PM/Scl-75 autoantigen expressed by baculovirus. When the 35 anti-PM/Scl antibody-positive sera were analyzed for their subspecificities (anti-PM/Scl-75 and anti-PM/Scl-100) and for further Patients with overlap syndromes showed the highest signal strengths for the detection of anti-PM/Scl-75 antibodies The signal strengths of anti-PM/Scl-75 antibody-positive patients appeared to be related to the underlying disease and were highest in patients with overlap syndromes (Figure 2) . Here, the median signal strength was 92.7 U and the signal strengths were significantly higher compared with those found in patients with dSSc, UCTD, or RA. Signal strengths of greater than 70 U were found in overlap syndromes nearly exclusively. Only one patient with dSSc who suffered from muscle pain and muscle atrophy without a detectable elevation of CK exhibited also a high signal strength of anti-PM/Scl-75 antibodies. In patients with dSSc and lSSc, the mean signal strengths were 27.6 and 37 U, respectively. Undifferentiated SSc revealed signal strengths similar to those observed in lSSc (Figure 2a) . In an analysis of the signal strengths for the detection of anti-PM/Scl-100 antibodies, overlap syndromes did not show the highest values and the different disease subsets exhibited similar signal strengths (Figure 2b ).
Anti-PM/Scl antibodies were associated with muscle and lung involvement and were rarely found in patients with pulmonary arterial hypertension In general, patients positive for anti-PM/Scl-75 and/or anti-PM/Scl-100 antibodies (n = 35) suffered significantly more frequently from digital ulcers and lung fibrosis compared with the anti-PM/Scl antibody-negative group (P = 0.005 and 0.004, respectively). Anti-PM/Scl-positive patients were also characterized by a higher prevalence of CK elevation (P = 0.002) and a significantly lower frequency of PAH (P = 0.049). There were no associations between the presence of anti-PM/ Scl antibodies and skin, heart, and kidney involvement as well as neuropathies or sicca syndrome (data not shown). Patients with anti-PM/Scl antibodies did not receive more or less immunosuppressants than patients without these antibodies. Furthermore, no differences between antibody-positive andnegative patients were found by analyzing the gender ratio and the presence of a family history. No significant associations between the presence of anti-PM/Scl antibodies and mortality could be detected. Four out of 35 SSc patients died (11.4%).
Correlations between the signal strengths of anti-PM/Scl antibodies and the degree of skin or lung fibrosis, mRSS, DLCO-SB, or FVC were not found (data not shown).
The presence of anti-PM/Scl-75 antibodies identifies a distinct subtype of patients
Patients positive for anti-PM/Scl-75 antibodies revealed a significantly higher frequency (65.5%) of present or past digital ulcers compared with anti-PM/Scl-75-negative patients (37.1%; P = 0.005) ( Table 2 ). Furthermore, the mean mRSS was considerably higher in the anti-PM/Scl-75-positive patients ( and muscular atrophy than anti-PM/Scl-75-negative patients (P = 0.044 and 0.032, respectively). The prevalence of CK elevation was also higher in the anti-PM/Scl-75-positive group (P = 0.002). The EUSTAR activity score of anti-PM/Scl-75-positive patients was significantly higher compared with anti-PM/Scl-75-negative patients (P = 0.037). The onset of disease in the anti-PM/Scl-75-positive patients was at a mean age of 44.2 years (SD 17.6 years), which was 6 years earlier than in the anti-PM/Scl-75-negative patients (mean age 50.4 years, SD 13.8 years; P = 0.057).
Anti-PM/Scl-100 antibodies were associated with fewer gastrointestinal symptoms
Patients with antibodies to PM/Scl-100 (E. coli) revealed a higher frequency of CK elevation (35%) in comparison with anti-PM/Scl-100-negative patients (11.5%; P = 0.009) ( Table  3) . There was only a tendency of an association between the presence of anti-PM/Scl-100 and the prevalence of lung fibrosis (P = 0.086). On the other hand, anti-PM/Scl-100-positive patients suffered less frequently from gastrointestinal involvements such as diarrhoea, regular emesis, or constipation. For instance, only 55% of the anti-PM/Scl-100-positive patients reported episodes of diarrhoea, in contrast to 78.5% of the negative patients (P = 0.026). When anti-PM/Scl-100 antibody-positive and -negative patients were compared, no significant differences in the age at disease onset were found (mean ages of 48.3 and 49.8 years, respectively). Fewer clinical associations were detectable when reactivity to the PM/ Table 2 Comparison between anti-PM/Scl-75 antibody-positive versus-negative patients Disease manifestation anti-PM/Scl-75-positive (n = 29)
anti-PM/Scl-75-negative (n = 251) Scl-100 antigen expressed by baculovirus was analyzed.
Here, anti-PM/Scl-100 antibodies were associated only with an increase in CK (P = 0.043, data not shown).
Discussion
Anti-PM/Scl antibodies are supposed to be a marker for overlap syndromes; however, the diagnostic impact of their major subspecificities, anti-PM/Scl-75 and anti-PM/Scl-100, as well as their prevalence in different SSc subsets are still not known. In the present study, a large well-characterized cohort was analyzed for the presence of the different anti-PM/Scl antibodies.
As shown here, anti-PM/Scl antibodies, in particular anti-PM/ Scl-75, are more frequent than had previously been described in SSc cohorts. Reactivity to either PM/Scl-100 or PM/Scl-75 was found to depend on the underlying disease subset. Anti-PM/Scl-75 antibodies are found mostly in patients with dSSc and overlap syndromes, whereas anti-PM/Scl-100 antibodies are detected mainly in patients with overlap syndromes. Anti-PM/Scl antibodies were highly specific for SSc; however, our analyses did not include patients with primary PM, dermatomyositis, or inclusion body myositis, conditions that could influence the specificity of the assays.
When the clinical data of the patients were studied, anti-PM/ Scl antibody-positive patients significantly more often showed muscle involvement and lung fibrosis, confirming other studies [2, 24] . Furthermore, and not described before, digital ulcers were found to be associated with the presence of anti-PM/Scl antibodies. In contrast, PAH was less frequently detected in anti-PM/Scl-positive patients. Anti-PM/Scl-75 antibody-positive patients were younger at disease onset compared with the anti-PM/Scl-75-negative patients. In the presence of anti-PM/ Scl-100 antibodies, fewer gastrointestinal symptoms were found. In view of these findings, detection and distinction of both antibody specificities appear to be important beyond the increase in sensitivity for SSc and overlap syndromes.
Only a few studies have analyzed the sensitivity and specificity of anti-PM/Scl antibodies in large SSc cohorts. One of the first studies from the Pittsburgh group identified 23 (4%) of 617 patients with connective tissue diseases as being positive for anti-PM/Scl; this cohort included 314 patients with SSc, 89 patients with overlap syndromes, and 106 patients with pure dermatomyositis/PM. For the identification of the anti-PM/Scl antibodies, immunoprecipitation and immunodiffusion were used. The description of anti-PM/Scl-positive patients revealed a higher frequency of myositis and a lower incidence of kidney involvement. There were no differences in the frequency of pulmonary diseases [4] . However, the number of anti-PM/Scl-positive patients was too small to evaluate significant differences compared with the antibody-negative group. Other studies suggested a higher incidence of muscle involvement, confirming studies analyzing myositis patients with or without SSc overlap [2, 7, 24, [26] [27] [28] . Here, we showed the association between the presence of anti-PM/Scl antibodies in SSc patients with myositis and with muscle atrophy. In addition, anti-PM/Scl antibodies are a marker of lung and skin fibrosis and of active disease, as previously described also for SSc patients with anti-topo I antibodies in the same cohort [5, 12] . Indeed, a significant proportion of the anti-PM/Scl-positive patients also exhibited reactivity to the topo I autoantigen (35.1%). This subgroup of double-positive patients exhibited higher frequencies of restrictive lung disease (91% versus 46%; P = 0.02) and of contractures (92% versus 59%; P = 0.049) when compared with the anti-PM/Scl single-positive patients. In this double-positive group, a lower percentage of patients showed CK elevation (23% versus 36%; P = 0.02) compared with single-positive patients. In contrast to anti-topo I antibodies, and probably due to the low number of anti-PM/ Scl-positive patients, there was no increased mortality related to the signal strengths of the anti-PM/Scl antibodies. However, 4 out of 29 anti-PM/Scl-75-positive patients (13.8%) died within 3 years after antibody detection (3 of them were also positive for anti-topo I antibodies and 2 also exhibited anti-PM/Scl-100 reactivity) compared with 6.1% in our whole Clinical differences between antibody-positive and -negative patients were shown only when P values of below 0.1 were detected. a,b Calculations of sensitivity and specificity are analogous to those in Table 2 . c Values displayed are numbers of patients (percentages). CK, creatine kinase.
SSc cohort. One further patient received autologous stem cell transplantation. This mortality, the co-incidence with anti-topo I antibodies, the disease characteristics with a high frequency of lung fibrosis, and the increased disease activity score especially in anti-PM/Scl-75-positive patients do not support former studies claming a milder disease with a favourable prognosis and response to immunosuppression [5, 6] .
Here, we could demonstrate for the first time that the reactivity to PM/Scl depends on the underlying disease and furthermore on the clinical symptoms. Interestingly, the majority of patients showed reactivity to only one of the two major autoantigens. Only 37.1% of anti-PM/Scl-positive patients were double-positive for both subsets of antibodies. Nevertheless, the higher prevalence of anti-PM/Scl-75 antibodies and the higher rate of clinical associations indicate that PM/Scl-75 is the main autoantigen in SSc patients. Therefore, when tests are used based on PM/Scl-100 as an antigen source, as most ELISA and LIA techniques are [3] , reactivity to the anti-PM/Scl-75 antigen can be missed, especially in dSSc patients. According to our results, both specificities should be determined.
Results concerning the main antigenic targets of anti-PM/Scl antibodies are controversial. Studies analyzing sera from large myositis cohorts ascribed the highest reactivity to the PM/Scl-100 autoantigen [26] . However, this finding might be representative for myositis patients. In an analysis of sera from different disciplines including SSc patients, the PM/Scl-75, especially the major isoform PM/Scl-75c, was considered the main epitope of anti-PM/Scl antibodies [9, 10] . Just recently, the PM/Scl-100 epitope-based ELISA (PM1-alpha) was compared with recombinant PM/Scl-100 and PM/Scl-75c [29] . Thus, further studies are mandatory to address diagnostic accuracy of the individual PM/Scl antigens.
Furthermore, reactivity to the PM/Scl antigens seems to be influenced by the system applied for antigen expression. For the PM/Scl-100 antigen, the baculovirus expression system did not provide additional benefit when compared with the E. coli expression system. Therefore, post-translational modifications made by eucaryotic cells do not appear to play a role in anti-PM/Scl-100 antibody binding. Consequently, the PM/Scl-100 antigen can be produced using the E. coli expression system as an easy and cost-effective method [30, 31] .
In summary, this is the first report about the prevalence of different anti-PM/Scl antibodies in SSc patients classified and assessed by the commonly used standards of the DNSS and EUSTAR network. Antibodies against PM/Scl-75 and PM/Scl-100 can be considered independent markers for different SSc subsets and show partial differences with respect to associated clinical manifestations, substantiating the diagnostic relevance of their parallel determination.
Conclusion
The prevalence of anti-PM/Scl-75 and anti-PM/Scl-100 antibodies depends on the underlying SSc subsets and the patients' clinical manifestations. Their presence is not associated with a favourable outcome, especially in the presence of anti-PM/Scl-75 antibodies. Patients with dSSc show reactivity directed mainly to the PM/Scl-75 autoantigen, whereas overlap syndromes can reveal reactivity to PM/Scl-75 and PM/Scl-100. A major proportion of SSc patients might remain undetected when applied tests are limited to the detection of anti-PM/Scl-100 antibodies.
